In the paper the second boundary value problem in a rectangular domain to equation uxxx − uyy = f (x, y) with the multiple characteristics is considered. The considered equation is closely related with nonlinear equation uxxx + uyy − ν y uy = uxuxx, which describes transonic flow of a gas around a revolution bodies. Using the fundamental solutions of corresponding homogeneous equation the Green function of analyzed problem is composed and thereby this problem is solved. Keywords: PDE's of odd order, fundamental solutions, Green function and boundary value problems.
Introduction
First investigations of the third order differential equation
which possesses the multiple characteristics, are published in [1] [2] [3] . After a while the works [4, 5] , in which various boundary value problems are studded using potential theory, appear. Let us observe, that equation (1) is conjugated to differential equation describing transonic flow of a gas. Particularly, if ν = 0, this equation describes the plane-parallel flow of a gas (see [6, 7] ).
In the theory of boundary value problems to equation (1) the fundamental solutions of homogeneous equation u xxx − u yy = 0 are significant. Such solutions U (x, y; ξ, η) and V (x, y; ξ, η) are composed in [8] . Here is shown that they can be expressed in the form U (x, y; ξ, η) = |y − η| 
where
, and both Ψ(a, b; x), Φ(a, b; x) are degenerate hypergeometric functions (see [9] ), Γ is Gamma function. Taking in account the properties of these functions the following estimates for fundamental solution U (x, y; ξ, η) are obtained:
where C kh are constants, k, h = 0, 1, 2, . . . . (There hold analogously estimates for V (x, y; ξ, η) if (x − ξ)|y − η| − 2 3 → −∞.) In [10] there are considered some boundary value problems to equation (1) in the rectangular domain D = {(x, y): 0 < x < p, 0 < y < l}, p > 0, l > 0. Here the solutions of the considered problems are composed by Fourier method under assumption that boundary value conditions on y = 0 and y = l are homogeneous.
We shell solve in this paper the second boundary value problem to equation (1) in a rectangular domain using the Green function method.
2 Statement of the problem Definition 1. We will say that solution u(x, y) of equation (1) is regular in domain D = {(x, y): 0 < x < p, 0 < y < l}, if it satisfies (1) in D and is from the class C 3,2
x,y (D) ∩ C 1,1
x,y (D). Let us consider the following boundary value problem.
Problem F 2 . To find the regular in domain solution u(x, y) of equation (1) satisfying the boundary value conditions
and the following compatibility conditions are fulfilled:
We shall note that, in work [11] analogical problem investigated in endless band.
3 Uniqueness of the solution Theorem 1. There exists no more than one solution of Problem F 2 .
Proof. Propose that Problem F 2 has two solutions u 1 (x, y) and u 2 (x, y). Then u(x, y) = u 1 (x, y)−u 2 (x, y) satisfies the homogeneous equation u xxx −u yy = 0 and corresponding homogeneous boundary value conditions. We shell prove that u(x, y) ≡ 0 in D in such a case.
Let us consider the identity
Integrating it over domain D and taking in account the homogeneity of boundary value conditions we obtain that
Hence, u y (x, y) = 0, i.e. u(x, y) = φ(x), where φ(x) is arbitrary function. Since u(x, 0) = 0, we get φ(x) = 0 because of continuity of function u(x, y). Therefore, u(x, y) ≡ 0 in D.
The existence of the solution
Let us consider the adjoint differential operators
Let ϕ, ψ be smooth enough functions. It is easy to check that the identity
holds. Integrating it over domain D we get the equality
Let us choose the fundamental solution U (x, y; ξ, η), which satisfies with respect to (ξ, η) the equation
instead of function ϕ, and any regular solution u(ξ, η) of equation (1) instead of function ψ. Since U η (x, y; ξ, η) has a singularity at the line y = η, we introduce the domains
. Then we obtain from equality (6) that holds with any x 0 ∈ (0, p).
Proof. Assume that y > η. Due to the continuity of ϕ(x) at the point x 0 , there exists
Using the relation (see [8] )
one can rewrite the integral in the left-hand side of (7) as follows: (Here
The main term I 2 of obtained sum can be rewritten as .
dt, obviously, and we obtain that
If |x − x 0 | < δ, then upper limit of this integral is positive and lower limit is negative. Besides, the upper limit tends to +∞ and the lower limit tends to −∞, as η → y − 0. Therefore, taking in account the equality [8] ∞ −∞ f * (t) dt = 1
we get that lim η→y−0 x→x0
It remains to show that the rest integrals I 21 , I 1 , I 3 tend to zero, as x → x 0 , η → y−0. Let us consider integral I 22 . Since
and |ξ − x 0 | < δ, we obtain that
Then the estimate |f * (t)| < C|t| − 5 2 (see [8] ) yields the equality lim η→y−0 x→x0
Let N be a constant such that |ϕ(x)| N ∀x ∈ [0, l]. Then
as x → x 0 , η → y − 0, because both upper and lower limits tend to +∞, as x → x 0 , η → y − 0.
Analogously
Thus, lemma is proved in the case y > η. In the opposite case the proof of the relation
is analogously.
Further, using the Lemma we obtain from (7) that
Thus,
Let u(x, y) be any regular solution of equation (1) and W (x, y; ξ, η) be any regular solution of the adjoint equation. Then putting ϕ = W (x, y; ξ, η), ψ = u(ξ, η) into (6) we obtain that
Both (8) and (9) yield the important relation
where G(x, y; ξ, η) = U (x, y; ξ, η) − W (x, y; ξ, η). In order to compose the mentioned above Green function we solve the following subsidiary problem.
Problem F 0 . To find a regular in domain D solution u(x, y) of equation (1) satisfying conditions u y (x, 0) = 0, u y (x, l) = 0, 0 x p, (13) u(0, y) = u(p, y) = u x (p, y) = 0, 0 y l.
We seek for the solution of this problem of the shape
where X k (x) are unknown functions. Let us express the function f (x, y) into Fourier series
where 
Therefore, we obtain the boundary value problem L[X k ] := X k (x) + λ 3 k X k (x) = f k (x), X k (0) = X k (p) = X k (p) = 0 (17) with respect to unknown function X k (x); here λ 3 k = (kπl) 2 . We shall solve problem (17) by Green function method. Definition 3. We will say that G k (x, ξ) is the Green function of problem (17), if it satisfies the following conditions: (iii) G k (x, ξ) satisfies with respect to x the equation
in both intervals 0 x < ξ and ξ < x p for ∀ξ ∈ (0, p);
(iv) It satisfies following boundary value conditions G k (0, ξ) = G k (p, ξ) = G kx (p, ξ) = 0
for ∀ξ ∈ [0, p].
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converges uniformly in domain D. According to equality ∂ 3 G k
